Introduction
Developmental venous anomalies (DVAs) are cited as the most common cerebrovascular malformations. Still, intracerebral hematomas are rarely thought to be caused by DVAs. When these venous anomalies are identified, they are thought to be associated with a hemorrhagic cavernous malformation or secondary to hemorrhagic conversion of a venous infarction caused by thrombosis of the DVA. Koc et al. reported a case of massive intracerebral hemorrhage due to a DVA without an associated cavernous malformation. 3, 8 In this report, the authors present a DVA that hemorrhaged spontaneously, in the absence of thrombosis or a cavernous malformation.
Clinical presentation
Clinical history department with the sudden onset of a severe headache, confusion, and progressive hemiparesis. A computed tomography (CT) scan demonstrated a spontaneous left parietal intraparenchymal hemorrhage (IPH), with intraventricular extension and acute hydrocephalus (Figure 1(a) ). CT angiography did not demonstrate an etiology, and was negative for vascular malformation ( Figure 1(b) ). An MRI of the brain performed for a headache evaluation three years prior to the ictus was normal (Figure 1(e) ).
Surgical intervention
The patient was taken emergently to the operating room for a left parietal craniotomy for evacuation of the hematoma and placement of an external ventricular drain (EVD). A postoperative CT confirmed excellent evacuation of the hematoma (Figure 1(c) ). Postoperative magnetic resonance imaging (MRI), magnetic resonance angiography (MRA), and magnetic resonance venography (MRV) did not demonstrate any mass lesion, ischemic stroke, or underlying vascular malformation (Figure 1(d) ). Given his recent surgical intervention, it was noted that abnormalities may have been obscured. The patient's EVD was successfully removed over time. A postoperative diagnostic cerebral angiogram revealed no source for the left parietal intracranial hemorrhage (Figure 2 (a)). The patient was noted to harbor an incidental rare anatomic variant of a left vertebral artery fenestration ( Figure 2 
Postoperative course
A comprehensive oncologic workup was performed. A contrast-enhanced CT of the chest, abdomen, and pelvis did not reveal any obvious malignancy. A testicular ultrasound was normal, positron emission tomography (PET) scan was negative for a primary source, and serum tumor markers were negative. The patient also underwent an extensive hematologic evaluation, which did not reveal a cause for the spontaneous hemorrhage. He had a possible mild congenital deficiency of protein Z that may be associated with ischemic stroke (which this patient did not have.) He was diagnosed with probable mild type I von Willebrand's Figure 1 . Axial CT images demonstrate left intra-parenchymal hemorrhage ((a), arrow) with intraventricular extension resulting in hydrocephalus ((a), arrowheads). CT angiography showed no evidence of vascular malformation underlying the hematoma ((b), arrow). Postoperative evaluation showed complete intraparenchymal hematoma evacuation ((c), arrow) and no associated stroke or mass effect was noted on the postoperative MRI ((d), arrow). An MRI performed three years prior to the acute event demonstrated no evidence of vascular malformations on blood-sensitive sequences (MPGR) (e). A six-month postoperative evaluation obtained using volumetric susceptibility-weighted imaging (SWI) showed two tiny DVAs near the surgical cavity ((f), arrows). It is suspected that these DVAs dilated in response to their venous drainage having been altered by resection of the larger draining vein. CT: computed tomography; MRI: magnetic resonance imaging; MPGR: multiplanar gradient; DVA: developmental venous anomaly. 
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The Neuroradiology Journal 29 (6) disease (pending a repeat test) and did not undergo a platelet aggregation study, though he had a normal closure time. It is unlikely that an abnormal result on either of these tests would cause spontaneous intracranial hemorrhage. The patient had a slight decrease in Factors 9 and 11 (both remaining above 50% with normal partial thromboplastin time (PTT)), unlikely to cause spontaneous bleeding. He was not hypertensive, pre-or postoperatively. Surgical pathology revealed a cluster of abnormal, dilated veins with focal transmural inflammation and no thrombosis (Figure 3 ). This specimen was harvested approximately seven hours after the onset of his headache, and two hours after the onset of his neurologic symptoms. He was discharged to rehabilitation for intensive therapy for his hemiparesis and hemisensory loss. He was placed on baclofen and clonazepam for spasticity, and periactin for headaches. A genetic evaluation for collagen vascular disorder, overgrowth syndrome, phakomatoses, and hereditary hemorrhagic telangiectasia was negative. An echocardiogram was normal. A follow-up MRI/MRA performed six months postoperatively demonstrated two clusters of abnormal vessels on susceptibility-weighted imaging (SWI) in the vicinity of the surgical cavity, suggesting the presence of a developmental venous anomaly (Figure 1(f) ). The patient underwent a second diagnosis cerebral angiogram six months postoperatively, which did not reveal any component of a DVA, even on delayed imaging. (Figure 2(c) ). Six months after surgery, the patient has no seizures, weakness, visual field cut, cognitive deficit, or speech disturbance. He has decreased sensation to light touch in his right foot. He has headaches at his premorbid baseline frequency that occur at random, are a 2/10 in severity, and respond to Tylenol. He has been weaned off all medications. He began graduate school on schedule.
Conclusion
Cerebral DVAs, depicted on imaging as caput medusae, are the most common vascular malformations, with an incidence rate ranging from 0.48% to 2.7% on autopsy studies. 3, 8, 20 Recently, Go¨kc¸e et al. estimated a higher prevalence of 6.4%. 23 A statistically significantly higher number of DVAs in patients with known intracranial neoplasms compared to those without has been reported. 24 The majority of DVAs are located in the supratentorial compartment. The symptomatic hemorrhage rate of DVAs is very low, estimated between 0.22% and 0.34% per year, 25, 26 and lower than that of other cerebral vascular malformations. 27 In DVA cases with intracerebral hematomas, an associated cavernous malformation is reported in as many as 18% of cases 18, 28, 29 A recent observational study identified cavernous malformations present in 11.1% of 1839 DVAs. 30 Buhl et al. reported a single case of an intracerebral hematoma caused by a DVA without an associated cavernous malformation. The questions of DVA thrombosis and venous infarction were not raised in this paper. 31 Only a few reports have cited DVA without cavernous malformation as the cause of intracerebral hemorrhage, and these authors suggest hemorrhagic conversion of a thrombosed DVA as an etiology. Several authors cite arterialization of the DVA, or an associated arteriovenous malformation (AVM) or AV fistula, which were absent in this case. 4, 9 The patient described in the current study had a non-contrast MRI negative for DVA and cavernous malformation three years prior to the event, suggesting that the DVA was not identified because either it was not present (unlikely as these are deemed congenital lesions) or it was present but outside of the resolution of the screening MRI. An adjacent occult small cavernous malformation could have been present as well. The majority of the hematoma was sent for pathological analysis and no cavernous malformation component was identified, but the possibility remains that one was present and obliterated by the hemorrhage or surgical excision. Some number of DVAs may be missed on conventional MRI.
Associated parenchymal abnormalities other than cavernous malformations cited in association with DVAs include cerebral atrophy, 32 white-matter lesions, 32 and dystrophic calcification, 33 which do not appear to be related to the size of the DVA. 20 Morita et al. reported three cases of DVAs presenting as parenchymal abnormalities mimicking brain tumors. 34 The incidence of parenchymal abnormalities associated with DVAs is thought to be underestimated in the literature. None of these findings were present in our patient.
Given that the DVA reported here was not associated with any other vascular malformation and pathologic analysis demonstrated the absence of thrombosis, the etiology of this spontaneous hemorrhage is cryptic. The patient had no personal or familial history of hypertension. No illicit drugs were used by report or toxicology screen. His preoperative MRI and CTA were negative. His postoperative MRI and MRA/ MRV did not demonstrate any mass lesion, ischemic stroke, or underlying vascular malformation. An extensive oncologic and hematologic workup did not reveal a tumor or clotting disorder. It is hypothesized that a focal vasculitis, as evidenced by the transmural inflammation present on pathology evaluation, may be responsible.
